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DATE: 2/18/05 PAGE 1 OF 3
 SELAS FLUID PROCESSING CORP. DOC NO:
                  BLUE BELL, PA SFPC PROJ. NO.: 04122V

VAPORIZER DATA SHEET ISSUE: B (Proposal) BY: CDS
ISSUE: CHECK:

1  PURCHASER / OWNER: BHP Billiton ITEM  NO. : F101A to F101F
2  SERVICE: Vaporize LNG LOCATION: Outdoor, Floating Platform REV.
3 MODEL: Sub-X 120-180 t/hr Low Emissions DRY WT., lb:
4 NO. REQUIRED: 8
5 TYPE: Submerged Combustion NO. BURNERS: 1 per unit
6   PROCESS DESIGN CONDITIONS
7 CASE Scarborough
8 (Design Basis)
9 AMBIENT CONDITIONS

10 TEMPERATURE, oF 60
11 PRESSURE, PSI 14.7
12 RELATIVE HUMIDITY 60%
13
14 LNG DESCRIPTION
15 CH4 MOLE % 99.68%
16 C2H6 MOLE % 0.11%
17 C3H8 MOLE % 0.00%
18 C4H10 MOLE % 0.00%
19 C5H12 MOLE % 0.00%
20 N2 MOLE % 0.20%
21 MW 16.1
22 VAPORIZATION RATE, MM SCFD 202.8
23 VAPORIZATION RATE, LB/HR 357,899 162.3 t/hr
24 LNG INLET TEMPERATURE, oF -258 -161oC
25 NG OUTLET TEMPERATURE, oF 41 5oC
26 NG OUTLET PRESSURE, PSIG 1,400 96.5 bar g
27 DUTY, MM BTU/HR 112.7 33.0 MW
28 VAPORIZER SEND OUT RATE, MM SCFD 221.9 177.6 t/hr see note 5
29 FUEL DESCRIPTION
30 CH4 MOLE % 98.06%
31 C2H6 MOLE % 0.06%
32 C3H8 MOLE % 0.00%
33 C4H10 MOLE % 0.00%
34 C5H12 MOLE % 0.00%
35 N2 MOLE % 1.87%
36 HEATING VALUE (HHV), BTU/SCF 990
37 HEATING VALUE (HHV), BTU/LB 23,105
38 FUEL INLET TEMPERATURE, oF 60
39 FUEL OUTLET TEMPERATURE, oF N/A
40 FUEL OUTLET PRESSURE, PSIG N/A
41 CALCULATED VALUES
42 WATER OVERFLOW RATE, GPM 17.1
43 FUEL RATE, SCFH 116,087
44 PROCESS PRESSURE DROP, PSI 50.0
45 PROCESS INLET PRESSURE, PSIG 1,450
46 EFFICIENCY (HHV) 98%
47 BATH TEMPERATURE, oF 83
48 FUEL PRESSURE DROP, PSI N/A
49
50 FLUE GAS
51 CO2 MOLE % 6.6%
52 N2 MOLE % 81.5%
53 O2 MOLE % 8.0%
54 H2O MOLE % 3.9%
55 FLOW RATE, SCFM 28,605
56 TEMPERATURE, oF 83
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 SELAS FLUID PROCESSING CORP. DOC NO:
                  BLUE BELL, PA SFPC PROJ. NO.: 04122V

VAPORIZER DATA SHEET ISSUE: B (Proposal) BY: CDS
ISSUE: CHECK:

1   TUBE BUNDLE DETAILS REV.
2
3 INLET HEADER CONNECTION 304/304L SS 8" 900# Flange
4 OUTLET HEADER CONNECTION 304/304L SS 12" 900# Flange
5 TUBES 304/304L SS 1.125" OD, 0,083" Avg Wall
6 PASSES 8

7 HEAT TRANSFER AREA, FT2 3864
8 DESIGN PRESSURE, PSIG 2030 (Design Basis)
9 DESIGN TEMPERATURE, min/max, oF -320 / +150

10 DESIGN CODE ASME SECTION VIII (Stamped), T-Thermal Spec. 211A ASME SECTION VIII (Stamped), T-Thermal Spec. 211A

11 TANK DETAILS
12 TANK MATERIAL: Stainless Steel
13 LENGTH 40' -0" (INSIDE TANK WALL)
14 WIDTH 16'-0" (INSIDE TANK WALL)
15 HEIGHT 12' (FLOOR TO BOTTOM TANK TOP)
16
17 DOWNCOMER/DISTRIBUTOR: MATERIAL: 304 SS
18 WEIR: MATERIAL: 304 SS
19 COVER PLATE: MATERIAL: 304 SS
20 DEMISTER:
21
22 CONNECTIONS
23 DRAIN 6" 150# RF FLANGE (BY PURCHASER)
24 OVERFLOW 3" 150# RF FLANGE (BY PURCHASER)
25  OTHER CONNECTIONS
26 FUEL  4" 150# RF FLANGE
27 INSTRUMENT AIR 1" 150# RF FLANGE
28 WATER 3" 150# RF FLANGE
29
30
31 STACK
32 DIAMETER 4'-9" ID
33 HEIGHT TBD
34 MATERIAL CARBON STEEL
35 LOCATION TBD
36
37 CONNECTIONS SIZE TYPE QUANTITY
38 TEMP SWITCHES 3/4" 3000# COUPLING 1
39 TEMP ELEMENTS 3/4" 3000# COUPLING 1
40 COMUSTIBLE ANALYZER 4" 150# FLANGE 1
41 EPA TEST PORTS 2" 150# FLANGE 2
42 LINE DESCRIPTIONS
43 LINE SIZE MATERIAL
44 COMBUSTION AIR MAIN 24" CARBON STEEL
45 COMBUSTION AIR PRIMARY 12" CARBON STEEL
46 COMBUSTION AIR SECONDARY 24" CARBON STEEL
47
48 FUEL  MAIN 4" CARBON STEEL
49 FUEL - 1st STAGE 3/4" CARBON STEEL
50 FUEL - 2nd STAGE 1" CARBON STEEL
51
52 WATER - PUMP INLET 3" STAINLESS STEEL
53 WATER - PUMP OUTLET 2" STAINLESS STEEL
54 WATER - BURNER JACKET 2" STAINLESS STEEL
55 WATER - AIR NOZZLE 1" STAINLESS STEEL
56 WATER - NOX REDUCTION 1" STAINLESS STEEL

PRINTED: 18-Feb-05 16:42
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VAPORIZER DATA SHEET ISSUE: B (Proposal) BY: CDS
ISSUE: CHECK:

1 GUARANTEES REV.
2 CONDITION
3 AMBIENT CONDITIONS
4 TEMPERATURE, oF
5 PRESSURE, PSI
6 RELATIVE HUMIDITY
7
8 LNG DESCRIPTION
9 CH4 MOLE %

10 C2H6 MOLE %
11 C3H8 MOLE %
12 C4H10 MOLE %
13 C5H12 MOLE %
14 N2 MOLE %
15 VAPORIZATION RATE, MM SCFD
16 VAPORIZATION RATE, LB/HR
17 LNG INLET TEMPERATURE, oF
18 NG OUTLET TEMPERATURE, oF
19 NG OUTLET PRESSURE, PSIG
20 VAPORIZER SEND OUT RATE, MM SCFD
21 FUEL DESCRIPTION
22 CH4 MOLE %
23 C2H6 MOLE %
24 C3H8 MOLE %
25 C4H10 MOLE %
26 C5H12 MOLE %
27 N2 MOLE %
28
29 GUARANTEES
30 PRESSURE DROP, PSI < 50
31 EFFICIENCY (HHV) > 98%
32 NOx CONCENTRATION < 20 ppmvd as NO2 (corrected to 3% O2)
33 CO CONCENTRATION < 100 ppmvd (corrected to 3% O2)
34
35   NOTES
36 1) Efficiency (HHV) is defined as:
37 Heat Transferred 357,899 lb/hr * 315 Btu/lb = 112.7 MM Btu/hr =   98.0%
38 Fuel Firing Rate 48107 lb/hr * 23,105 Btu/lb    115.0 MM Btu/hr
39 2) Comparison of Calculated (Design) Values and Guaranteed Values (at the basis of 60oF, 60% RH ambient conditions)
40 Calculated Value Guaranteed Value
41 HHV Efficiency %
42 Send Out Rate MM SCFD
43 Pressure Drop PSI
44
45 3) At lower operating pressures, the calculated heat duty would be greater.  Therefore, the expected vaporization rate shall be reduced.
46 4) For an LNG with lower methane content, the calculated duty would be greater.  Therefore, the expected vaporization rate shall be reduced.
47 5) Vaporizer send out rate is defined as the vaporization rate minus the fuel consumed by the vaporizer burner(s).
48 6) The above values are based on a high excess air burner.
49
50
51
52
53
54
55
56
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1. GENERAL DESCRIPTION 

1.1 BACKGROUND  
This specification describes the Wärtsilä scope of supply of main power plant offered for the BHP Billiton 
LNG FSRU. The LNG FSRU will be located off California coast. 

1.2 DESCRIPTION OF THE POWER PLANT  
The power plant consists of four (4) Wärtsilä 9L50DF generating sets. The engines are divided into two 
separate engine rooms. The machinery listed below will meet the classification requirements of DNV (or 
other major class society to be agreed) in force at the date of quotation. 

1.3 OPERATING AND REDUNDANCY PHILOSOPHY  
The generating sets are primarily operated using gas fuel. Light fuel oil (LFO) is used as pilot fuel, i.e. for 
ignition in the Wärtsilä dual fuel (DF) engines. 

LFO is also used as backup fuel in the generating sets. In case of trouble in gas fuel supply, the generating 
sets will automatically switch into LFO operation and can give their full output also using LFO. 

Generating sets are recommended to be at minimum arranged in two compartments to offer redundancy in 
case of fire, gas leak or flooding. Some auxiliary system components are also arranged to serve all 
generating sets in an engine room.  
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2. GENERATING SETS 

2.1 GENSET ENGINE, WÄRTSILÄ 9L50DF  

2.1.1 Classification 
The engine and equipment listed below will meet the classification requirements of DNV in force at the 
date of quotation. Certificates will be submitted according to the classification requirements. 

2.1.2 Technical data  
The genset engines, as well as alternator and all genset auxiliary equipment, are designed for the following 
ambient conditions:  

Maximum ambient air temperature  45 °C 
Minimum ambient air temperature  5 °C 
Maximum sum of pressure drop in inlet and exhaust 5 kPa 
Maximum relative humidity  60 %  
Max. LT cooling water inlet temperature  35 °C 

2.1.2.1 Technical particulars 
Engine designation  9L50DF  
Number of cylinders  9  
Cylinder configuration  In-line  
Cylinder bore  500 mm 
Cylinder stroke  580 mm 
Swept volume  113,9 dm3/cyl 
Engine speed  514 rpm 
Maximum continuous rating (MCR)  8550 kWm  
Mean piston speed  9,9 m/s @ 514 rpm 
BMEP at MCR  20,0 bar 
Direction of rotation  Clockwise  

The power stated is valid at above conditions in accordance with ISO 3046-1.  

The standard engine complies with the maximum permissible NOX emission according to MARPOL 73/78 
ANNEX VI.  

The engine will be tested in our workshop in accordance with the requirements of the classification society 
and our own standard based on the maximum continuous rated power stated above. After test run the fuel 
rack position will be limited to 100 per cent power. Fuel to be used is our standard marine diesel fuel.  

2.1.2.2 Specific energy consumption 
Gas fuel operation: 

Specific fuel gas consumption at 100 % load (MCR) with engine driven pumps 7590 kJ/kWh, 
tolerance ± 5 %. 
Specific fuel oil consumption at 100 % load (MCR) with engine driven pumps 1,0 g/kWh, tolerance ± 
5 %. . 

Diesel fuel operation: 

4 
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Specific fuel oil consumption at 100 % load (MCR) with engine driven pumps 189 g/kWh, tolerance 
± 5 %. . 

The above values are based on a lower calorific value of fuel oil at least 42,700 kJ/kg and according to ISO 
3046-1. The requirements for fuel quality as given below. 

2.1.2.3 Fuel oil specification 
The engine accepts without any load limitation fuel according to ISO 8217:1996 (E), ISO-F-DMX, ISO-F-
DMA, and ISO-F-DMB. The fuel also has to meet the following requirements (maximum/minimum 
values):  

Property Unit ISO-F-DMB Test method ref. 
Viscosity, min., before injection pumps 1) cSt 2,8 ISO 3104 
Viscosity, max. cSt at 40°C 11 ISO 3104 
Viscosity, max, before injection pumps 1) cSt 24 ISO 3104 
Density, max. kg/m³ at 15°C 900 ISO 3675 or 12185 
Cetane number, min.  35 ISO 5165 or 4264 
Water, max. % volume 0,3 ISO 3733 
Sulphur, max. % mass 2 ISO 8754 
Ash, max. % mass 0,01 ISO 6245 
Carbon residue  
(micro method, 10 % vol dist. bottoms), max. 

% mass — ISO 10370 

Carbon residue (micro method), max. % mass 0,30 ISO 10370 
Sediment, max. % mass 0,07 ISO 3735 
Flash point (PMCC), min. 1) °C 60 ISO 2719 
Pour point, max. 2) °C 0–6 ISO 3016 

1) Additional properties specified by the engine manufacturer, which are not included in the ISO 
specification or differ from the ISO specification. 

2) Different limits specified for winter and summer qualities.  

2.1.2.4 Fuel gas specification 
The engine is designed for continuous operation, without reduction in rated output, on natural gas with the 
following properties  

Methane 99.68180% 

Ethane 0.11240% 

Propane 0.00060% 

n-Butane 0.00110% 

i-Butane 0.00110% 

n-Pentane 0.00060% 

Isopentane 0.00060% 

C6 0.00080% 

C7 0.00150% 

C8 0.00000% 

N2 0.19390% 

CO2 0.00560% 

H2O 0.00000% 

H2S 5 ppm 
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 With following maximum / minimum values content of gas at engine inlet: 

Lower heating value, min. 1) 28 MJ/Nm3   2) 

Gas methane number, min 80   3) 

Methane content, min 70 vol-% 

Hydrogen sulphide, max 0,05 vol-% 

Hydrogen, max 3 vol-% 

Ammonia, max 25 mg/Nm3 

Chlorine + Fluorines, max 50 mg/Nm3 

Particles or solid content, max 50 mg/Nm3 

Particles or solids, size 5 μm 

Gas inlet temperature 0 – 50 °C 
1) The required gas feed pressure is dependent on the LHV  
2) Values given at Nm3 are at 0 °C and 101,3kPa. 

Lubricating oil consumption 

Specific lubricating oil consumption at maximum continuous rated power is 0.5 g/kWh, tolerance 0.2 
g/kWh.  

The lubricating oil used is to be according to Wärtsilä recommendation. 

2.1.3 Built-on fuel system 
The engine is designed for continuous operation with natural gas with a small amount (about 1%) of light 
fuel oil (LFO) as pilot fuel, but can also be run entirely on LFO. 

Dual fuel gas and oil system consists of: 

Ported gas admission with electronically controlled valves in the inlet duct of each cylinder 
Low pressure gas pipes made of steel including a common rail and individual feed pipes for each 
cylinder 
Low pressure LFO supply pipes 
High pressure LFO injection pipes, double wall with common leak alarm  
LFO injection pump, individual for each cylinder head  
Twin fuel injector in each cylinder head (Combined main fuel oil and pilot fuel injection valve) 
allowing full load capability on LFO and providing electronically controlled pilot fuel injection  
Engine driven pilot fuel high pressure pump, common for all cylinders (common rail) 

2.1.4 Built-on lubricating oil system 
Built-on lubricating oil system consists of: 

By-pass filter of centrifugal type 
Oil sump of wet type 
Engine driven lubricating oil pump of screw type, with built-in pressure control valve 

2.1.5 Built-on starting system 
The Wärtsilä 50DF engine is started by injection of starting air into cylinders.  

Built-on starting air system consists of: 
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Pneumatically operated 30 bar main starting air valve (electronically controlled) 
Non-return valve  
Flame arrestor  
Starting air distributor  
Pipes made of steel 
Starting air valve in each cylinder head  
Slow turning device  
Starting block switch when electrical turning device engaged  

Built-on starting air system also delivers working media for electro-pneumatic over speed trip device. 

2.1.6 Built-on control air system 
The internal control air system is used as working media for turbocharger waste gate, oil mist detector and 
turbocharger compressor cleaning device.  

2.1.7 Built-on cooling water system 
Built-on high temperature (HT) cooling water system consists of: 

Water pipes of steel from engine 
Engine driven centrifugal HT-pump 
Pipe connection for jacket water preheater 
HT charge air cooler 

Built-on low temperature (LT) cooling water system consists of: 

Water pipes of steel from engine 
Engine driven centrifugal LT-pump 
Pipe connections for alternator cooling water circulating pump 
LT charge air cooler 

2.1.8 Built-on exhaust gas and charge air system 
Exhaust manifold with flexibly mounted insulation box 
Turbocharger  
Exhaust gas waste gate for adjusting the air-fuel ratio (by-passing the exhaust gases past the 
turbocharger).  

2.1.9 Built-on control and monitoring system 
The Wärtsilä Engine Control System (WECS 8000) controls the engine itself and interfaces to the Unit 
Control Panel (UCP).  

The WECS 8000 for DF engines is a physically distributed system that consists of four types of units:  

Main Control Module (MCM) 
Cylinder Control Module (CCM) 
Local Display Unit (LDU) 
Safety Module (SM) 

All units are mounted on the engine close to the engine sensors (Sensors on the engine are according to 
Wärtsilä standard) from where the system collects data. The signals received are processed and compared 
with the control parameters given.  
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Local display unit is installed in each genset engine for monitoring operational data and for local starting 
and stopping of genset engine. 

WECS 8000 takes care of engine speed control, fuel transfers and fuel scheduling. The WECS 8000 also 
controls the start / stop sequences and engine safety system. If any input signal shows an abnormal value, 
the control system will first raise an alarm and then shutdown if the signal continues to deteriorate. All-
important parameters handled by WECS, are transferred trough the UCP and to the Wärtsilä Operator 
Interface System (WOIS) where it is presented in graphical format. 

Speed control system includes independent overspeed protection device. 

Speed control actuator for gas fuel operation: 

Pilot fuel injector (one/cylinder), controlled by CCM 
Gas admission valve (one/cylinder), controlled by CCM 

Speed control actuator for diesel fuel operation: 

 Electric-hydraulic actuator, make Woodward PG-EG, or equivalent, controlled by the MCM.  

2.1.10 Sundries 
Flywheel with fastening bolts. 

Crankcase oil mist detector. 

Electric operated turning device. 

Safety valves in crankcase. 

Driving mechanism for the engine driven pumps. 

Vibration damper in free end housing, if required. The necessity of vibration damper is decided by the 
result of torsional vibration calculations. 

2.2 FLEXIBLE COUPLING 

2.2.1 Flexible coupling between engine and alternator  4 
The choice of flexible coupling type/design is based on the torsional vibration calculation, and is therefore 
made after the configuration of engine and alternator is secured (after contract is made).  

Cover for flexible coupling is included. 

Bolts for connection of the flexible coupling to the engine flywheel are included.  

Material for connecting the alternator to the flexible coupling is included. 

2.3 ALTERNATOR  

2.3.1 Marine synchronous alternator 4
  

2.3.1.1 Main technical characteristics 
Water cooled brushless three-phase synchronous marine alternator with sleeve bearings.  

Output 10250 kVA 
Voltage 6600 V (to be further discussed / agreed!) 
Current 932 A 
Power factor 0,8 
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Rated speed 514 rpm 
Overspeed  617 rpm 
Frequency 60 Hz 
Protection by enclosure IP44 
Applicable standard IEC 60034 
Marine classification LR (or other major class society to be agreed) 
Temparature rise stator / rotor  F/F 
Insulation class  F 
Ambient temperature  50 °C 
Cooling water temperature  38 °C 
Utilisation mode Parallel operation with other gensets 
Supply Type Sinusoidal 
Automatic voltage regulator yes 
Anti-condensation heater yes 
Stator winding temperature sensors yes 
Bearing temperature sensors yes 

2.3.1.2 Construction 
The stator frame, core support and end shields are made of fabricated steel and welded together forming 
rigid structure. The construction is treated at the factory with epoxy paint finish. 

The stator core is build of thin electric sheet steel laminations, which are insulated on both sides with heat-
resistant inorganic resin.  

The rotor consists of a shaft, a hub, and poles fixed on the hub. The shaft is machined of steel forging. The 
poles are manufactured of sheet steel and bolted to the hub. 

All windings are completely vacuum pressure impregnated with high-quality epoxy resin. The windings 
are provided with very strong bracing which withstands all expected mechanical and electrical shocks and 
vibrations as well as chemicals. 

2.3.1.3 Water cooling 
The generator is cooled with a shaft mounted fans. The cooling air is circulated inside the generator 
through a double tube air-to-water heat exchanger. Emergency cooling without water is possible. 

2.3.1.4 Sleeve bearings 
The alternator has two pedestal sleeve bearings. The lubrication for bearings is taken from genset engine 
lubricating oil system.  

2.3.1.5 Control systems 
The excitation system comprises a digital electronic voltage regulator, an exciter and voltage/current 
transformers for feedback. The voltage regulator controls the generator output voltage, supplying the 
excitation current to the exciter. The exciter supplies the excitation current to the generator main poles. 

2.4 GENSET ASSEMBLY  
Genset is assembled on FSRU construction yard on a foundation prepared by the shipyard according to 
Wärtsilä instructions. Chapters 2.4.1 and 2.4.2 describe genset engine and alternator mounting on a 
foundation prepared by the shipyard. 
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2.4.1 Genset engine mounting 4
  

The genset engine is mounted on the foundation using anti-vibration mounts to reduce the transmission of 
vibrations from the generating set to the vessel structure. The anti-vibration mounts are of conical rubber 
type with incorporated movement limiters. Genset engine mounting materials are included in Wärtsilä 
scope of supply. 

2.4.2 Alternator mounting 4 
The alternator is mounted rigidly on the foundation. Alternator mounting materials are included in Wärtsilä 
scope of supply. 

2.4.3 Flexible pipe connections 5 
All pipe connections between genset engine and external circuits are flexible and included in Wärtsilä 
scope of supply. Mating flanges for all pipe connections are included.  

One spare flexible connection set is included. 
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3. AUXILIARY SYSTEMS FOR GENERATING SETS 
The auxiliary system components for gensets, which are included in Wärtsilä scope of supply, are 
described in this section. 

3.1 FUEL GAS SYSTEM 
In addition to the components listed herein, the complete fuel gas system typically also contains fuel gas 
supply compressors, flare system, and master gas fuel valves. These equipments/machineries are not 
included in Wärtsilä scope of supply.  

3.1.1 Gas valve unit 4 
One (1) gas valve unit for each genset engine is fitted.  

Before the gas is supplied to the engine it passes through a Gas Valve Unit (GVU). GVU can be located 
either in the engine room, in a dedicated compartment, or on the deck area.  

The GVU includes a manual shut-off valve, purging connection, actuated shut-off and ventilating valves, 
gas pressure transmitters/gauges, and gas temperature transmitters/gauges. GVU also includes gas pressure 
regulating valve and gas fuel filter. The valves of GVU are normally controlled automatically from the 
engine control sequence, and only for special testing the valves may be controlled manually. In these cases, 
the engine start is prevented.  

The Gas Valve Unit has three main functions: 

− Prior to gas operation of DF-engine the GVU performs a gas leakage test of the main shut-off 
valves in order to ensure that the valves are working properly before it enables gas supply to the 
engine. 

− During DF-engine operation in gas operating mode the GVU controls gas feed pressure to the 
engine. 

− At the end of gas operation of DF-engine the GVU shuts off gas supply to the engine and allows 
gas pipe to ventilate. 

The pressure class of pipes and the other components on the gas valve unit are all PN16 or higher. 
Counter-flanges for external connections are included. 
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3.2 FUEL OIL SYSTEM 
In addition to the components listed herein, the complete fuel oil system typically also contains fuel bunker 
tank(s), day tanks, sludge tank(s), overflow tank(s), and sludge treatment/offloading. These 
equipment/machinery are not included in Wärtsilä scope of supply.  

3.2.1 Fuel oil feed unit 2
  

One (1) fuel oil feed unit is installed for each engine room feeding fuel oil circulating units of each engine 
in the engine room. Each fuel oil feed unit includes two (2) fuel oil feed pumps with suction strainers 
installed on a common skid. Normally one pump is running and the other is standby. Also counter-flanges 
for external connections are included. 

The pumps are of screw type and fitted with integral pressure relief safety valve. 

3.2.2 Fuel oil fine filter 4 
One (1) duplex fuel oil fine filter unit is installed for each genset engine on the fuel oil circulating unit. It is 
possible to change/clean filter cartridges during engine running.  

The filter unit includes draining and de-aeration valves. Also shut-off valves, differential pressure indicator 
and a drip pan are included.  

Flow 7,5 m3/h 
Max. pressure 16 bar 
Max. inlet temperature 150 ºC 
Fineness, absolute 34 micron 

3.2.3 Fuel oil cooler 2 
One (1) fuel oil cooler is installed for each engine roomt. 

The fuel oil surplus coming from the injection pumps is returned via a heat exchanger to the day tank. The 
heat exchanger is of water cooled type located inside the module. The necessary cooling water is taken 
from the genset engine LT fresh cooling water circuit. 

3.3 LUBRICATING OIL SYSTEM 
The engine is design with a wet sump. In addition to the components listed herein, the complete lubricating 
oil system typically also contains lubricating oil separators, system oil tanks, storage tank(s) and drain 
tank(s). These equipments/machineries are not included in Wärtsilä scope of supply.  

3.3.1 Lubricating oil unit 4 
One (1) lubricating oil unit is installed for each genset engine. The unit includes the following 
machinery/equipment installed on a common skid. Also counter-flanges for external connections are 
included. 

3.3.1.1 Pre-lubricating oil pump 
One (1) pre-lubricating oil pump is installed for each genset engine on the lubricating oil unit.  

The pump is of screw type and fitted with integral pressure relief safety valve. 

3.3.1.2 Lubricating oil cooler 
One (1) plate type, full flow lubricating oil cooler is installed for each genset engine on the lubricating oil 
unit. 

3.3.1.3 Lubricating oil thermostatic valve 
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One (1) direct acting, full flow lubricating oil thermostatic valve is installed for each genset engine on the 
lubricating oil unit. The thermostatic valve is equipped with manual override possibility. 

3.3.1.4 Lubricating oil automatic filter 
One (1) full flow, automatic self-cleaning, air turbine driven filter, including flushing oil cartridge and 
differential pressure indicator with alarm contact is installed for each genset engine on the lubricating oil 
unit. 

3.3.1.5 Lubricating oil fine filter 
One (1) full flow duplex lubricating oil fine filter unit is installed for each genset engine on the lubricating 
oil unit. It is possible to change/clean filter cartridges during engine running.  

The filter unit includes draining and de-aeration valves. Also shut-off valves, differential pressure indicator 
and a drip pan are included.  

3.3.2 Lubricating oil filling pump 1 
One (1) lubricating oil filling pump with suction strainer, common for all genset engines, is supplied for 
filling/topping-up the engine oil sump. Counter-flanges for external connections are included. 

The pump is of screw type and fitted with integral pressure relief safety valve. 

Flow 17,4 m3/h 

3.3.3 Lubricating oil drain pump  1 
One (1) lubricating oil drain pump with suction strainer, common for all genset engines, is supplied for 
emptying the engine oil sump. Counter-flanges for external connections are included. 

The pump is of screw type and fitted with integral pressure relief safety valve. 

Flow 17,4 m3/h 

3.4 COMPRESSED AIR SYSTEM 
The compressed air system included in Wärtsilä scope of supply and described herein is contains all 
required main components. Typically the systems also have control air vessels and control air conditioning 
units. 

The starting air vessels of different engine rooms should be connected with cross connection piping that is 
normally kept closed. In case of starting air system failure in one engine room, air can then be supplied 
from another after the failed component has been isolated. 

3.4.1 Start air compressor units 2
  

Two (2) electric-driven starting air compressors are fitted on each unit. Compressors are equipped with air 
filter, air cooler, safety valve and pressure gauge. Each compressor has a control cubicle containing 
necessary start and stop automation. Counter-flanges for external connections are included. 

Flow  88 m³/h  
El. motor power  19 kW 
Discharge pressure  30 bar  
Frequency  60 Hz  
Voltage  460 V  

3.4.2 Start air vessel 4 
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Two (2) starting air vessels are fitted in each engine room. Water is drained from the air vessel with a 
manual drain valve. Starting air vessels are fitted with pressure safety valves and manometers. Counter-
flanges for external connections are included. 

Capacity  2 m³ 
Discharge pressure  30 bar  

3.4.3 Start air filter 4 
One (1) starting air filter is fitted for each genset engine. Counter-flanges for external connections are 
included. 

Max. working pressure  30 bar  
Pressure drop  0,1 bar  
Mesh size  400 micron  

3.5 COOLING WATER SYSTEM 
In addition to the components listed herein, the complete cooling water system typically also contains 
central cooler, sea water pumps, CW de-aeration vessels, expansion tanks, additive dosing tank and drain 
tank(s) . These drain tanks are not included in Wärtsilä scope of supply.  

The genset cooling system contains two freshwater circuits, one high temperature (HT) water circuit and 
one low temperature (LT) circuit. The two circuits are combined outside the engine and use common 
expansion tank and central cooler. HT cooling water circuit temperature is controlled by adjusting amount 
of LT water entering in the HT circuit. 

The HT-water passes through the engine HT charge air coolers, cylinder liners and cylinder heads via a 
thermostatic valve to central cooler. HT-water is circulated with an engine-driven pump.  

The engine driven pump circulates the LT water through the charge air coolers and lubricating oil cooler to 
the central cooler. A thermostatic valve controls the temperature of LT circuit by adjusting the amount of 
LT cooling water going through the central cooler. Fuel oil and alternator are also cooled using LT cooling 
water. 

Some components related to the cooling water system have already been described earlier in this 
specification. Fuel oil cooler is described in section Error! Reference source not found., alternator cooler 
in section 2.3.1, and lubricating oil cooler in section 3.3.1. 

3.5.1 LT cooling water thermostatic valve 4 
One (1) LT cooling water three-way thermostatic valve is fitted for each genset engine. The LT cooling 
water temperature is controlled by adjusting the quantity of fresh cooling water through the central cooler 
with the three-way LT thermostatic valve. 

The thermostatic valve is actuated by electric motor. The electric actuator motor of the thermostatic valve 
is controlled by an electronic three-way controller with temperature sensor. The thermostatic valve also 
incorporates a position feedback signal. 

Counter-flanges for external connections are included. 

3.5.2 HT cooling water thermostatic valve 4 
One (1) HT cooling water three-way thermostatic valve is fitted for each genset engine. The HT cooling 
water temperature is controlled by adjusting the quantity of HT cooling water that is led out of the HT 
circuit and replaced by LT cooling water from LT circuit outlet. 
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The thermostatic valve is actuated by electric motor. The electric actuator motor of the thermostatic valve 
is controlled by an electronic three-way controller with temperature sensor. The thermostatic valve also 
incorporates a position feedback signal. 

Counter-flanges for external connections are included. 

3.5.3 Cooling water filling pump 1 
One (1) cooling water filling pump is installed to the LNG FSRU. The cooling water filling pump is used 
for pumping cooling water from drain tank(s) to cooling water expansion tanks of genset engines. 

Counter-flanges for external connections are included. 

Flow 24 m3/h 
Delivery head 2 bar 
Electric motor power 3,6 kW 
Frequency 60 Hz 
Voltage 440 V 

3.5.4 Cooling water preheating unit 2 
One (1) cooling water pre-heating unit is installed for each engine room. Standby engines are kept pre-
heated in order to be ready for use and loading. 

The unit includes the following machinery/equipment installed on a common skid. Also counter-flanges 
for external connections are included. 

3.5.4.1 Cooling water pre-heating pump 
Pre-heating pump circulates water in the HT cooling water circuit of the genset engine. 

Flow 22 m3/h 
Electric motor power 1,1 kW 
Frequency 60 Hz 
Voltage 440 V 

3.5.4.2 Electric cooling water pre-heater 
Electric heater is used to keep HT cooling water in specified temperature while genset engine is standby. 

Heater power 108 kW 
Frequency 60 Hz 
Voltage 440 V 
Max. temperature 95 ºC 
Max. pressure 10 bar 

3.5.4.3 Pre-heating unit control cabinet 
Control cabinet for the electric heater and pump. 

3.6 EXHAUST GAS AND COMBUSTION AIR SYSTEM 
The combustion air for genset engines is taken from inside the engine room through silencers and air filters 
installed on engine. 

Exhaust is lead outside above the main deck. 

3.6.1 Expansion bellows after turbocharger  4 
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Expansion bellows of stainless steel to be connected to the turbochargers outlets. Delivery includes counter 
flanges, gaskets, bolts and nuts. After each turbocharger there is a thermocouple for remote reading of the 
exhaust gas temperature 

3.6.2 Exhaust ventilation system  4 
The exhaust gas pipe of each genset is equipped with a ventilation system with a centrifugal fan, a 
flowswitch and a butterfly valve. The control function is provided by Wärtsilä. 

3.6.3 Exhaust explosion relief valve  12 
Explosion relief valves are fitted on the exhaust pipe to relief pressure in a safe manner in case of 
explosion. 

3.6.4 Exhaust silencer 25 dB with spark arrester  4 
Silencers are equipped with spark arrestor.  

Average noise attenuation capacity 25 dB (A). 

Vertically mounted. 

3.6.5 Turbocharger cleaning device  1 
Turbocharger water cleaning device for turbocharger turbine side. 

3.7 ENGINE CONTROL AND MONITORING  

3.7.1 Unit control panel 4 
The UCP is an engine specific floor mounted cabinet, for mounting in a ventilated clean area (IP21).  

Manual control of the engine is done from this panel.  

The Unit Control Panel (UCP) controls the start and stop sequences and safeties of the Wärtsilä supplied 
engine and related auxiliaries. If any input signal shows an abnormal value, the monitoring system will 
first give an alarm and then shutdown if the signal continues to deteriorate. Parameters handled by the UCP 
are transferred to the Wärtsilä Operating Information System (WOIS). Ship automation system will receive 
most essential data, through Modbus and all control and important control/status are hard wired. 

UCP includes the safety barriers needed for the gas regulating unit (GRU). 

UCP to include redundant power converters, for both 24V DC (for control equipment and WECS) and 
110V DC (for control of main fuel injection). Converter supply voltage is 220V AC and should be supplied 
from an UPS. 

The automation system is designed for the safe, reliable, efficient and easy operation of the gensets, and 
their associated auxiliaries and electrical systems. The automation system allows centralized operation of 
the plant from the control room, with some exceptions, such as start air compressors and auxiliary units, 
which are provided with local control panels for independent automatic operation. The start, stop and 
operation mode selection of such units is only performed using the local control panels. Alarms and 
important measurements from the auxiliary units are connected to the automation system. 

The operation, control and monitoring of the power plant is carried out via the unit control panel and an 
operator panel with display. The main control actions and monitoring of the DG set parameters are 
performed from the unit control panel. These actions include engine start up and stop, synchronization and 
genset loading control. 

The unit control panels are mounted in the technical room or engine control room of FSRU. Each panel is 
equipped with a display for local monitoring of all DG set parameters. 
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The local control panels for auxiliary equipment are mounted on their respective units. 

3.8 MOTOR CONTROL CENTER  
Motor control centers (MCC), Low voltage switchboards 440 VAC, are steel-sheet enclosed cubicle-type 
switchgear including supplies for the motors and other apparatuses of included in Wärtsilä scope of 
delivery. External protection class of the low voltage switchgear is IP44. MCC includes one incoming 
feeder and contact signals to be routed to the UCP´s for control, monitoring and alarms. 

All equipment are cabled to junction boxes for easy connection to the FSRU systems.  
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4. SELECTIVE CATALYTIC REDUCTION UNIT  
A selective catalytic reduction unit can be installed to reduce the NOx and VOC emissions. The SCR is 

installed prior to waste heat recovery units. The urea is injected 3 – 5 meters prior to the SCR unit to 
ensure proper mixing of urea and exhaust gas. The unit is optimised to reduce emissions in gas mode. 

4.1 EMISSION LEVELS 
The emission reduction equipment is designed to meet exhaust gas emissions below. The fuel 
specifications have a significant impact on the emissions levels. The emission levels below are only valid 
for the fuel specified in chapter 2.1.2. The sulphur content in the liquid fuel will highly determine the SOx 
emissions, which can only be specified after the final diesel specification has been reviewed. 

4.1.1.1 In gas mode 1) : 
NOx 9 ppmv,dry at 15% O2 
CO 20 ppmv,dry at 15% O2  
VOC 40 ppmv,dry at 15% O2 
PM10,dry 10 mg/m3 dry at 15% O2 

4.1.1.2 In diesel mode 1) : 
NOx 150 ppmv,dry at 15% O2 

CO 25 ppmv,dry at 15% O2 

VOC 60 ppmv,dry at 15% O2 
PM10,dry 21 mg/m3 dry at 15% O2 

  
1) Values at 90% load, not valid at other loads! 

4.1.1.3 Applicable measurement methods for emissions: 
NOx USA EPA Method 7E: Determination of nitrogen oxides from stationary sources 
 ( instrumental analyzer method ). 
VOC USA EPA Method 18: Measurement of gaseous organic compound emissions by gas 

chromatography. VOC is defined as Non Methane Non Ethane Hydrocarbons. Measured 
components are C3H8, C4H10, C5H12, C6H14, C2H4, C3H6, C4H8, C5H10 and C6H12. 
Formaldehyde concentration is negligible after a catalyst. If required this can be verified 
with method CTM-037. 

PM10,dry USA EPA Method 17: Determination of particulate emissions from stationary sources (in-
stack method) 

 
CO USA EPA Method 10 : Determination of carbon monoxide emissions from stationary 

sources. 
Measurement uncertainties to be evaluated by the party that carries out the measurement. The assessment 

of the guarantee fulfilment to be performed according to Section 6.2 of the VDI 2048 guidelines. 

4.1.1.4 Typical consumption of one SCR unit in gas mode: 
Urea cons.(40 wt%)  at 100% MCR 19 l/h 
Urea cons.(40 wt%)  at 90% MCR 17 l/h 
Urea cons.(40 wt%)  at 75% MCR 16 l/h 
Urea cons.(40 wt%)  at 50% MCR 14 l/h 
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4.1.1.5 Typical consumption of one SCR unit in diesel mode: 
Urea cons.(40 wt%)  at 100% MCR 150 l/h 
Urea cons.(40 wt%)  at 90% MCR 133 l/h 
Urea cons.(40 wt%)  at 75% MCR 107 l/h 
Urea cons.(40 wt%)  at 50% MCR 69 l/h 

4.2 SCR UNIT 4 
- one charge of catalysts included 

4.2.1 Reagent feeding unit 1 
Including: 
- One commom pump for all engines and one stand by pump 

4.2.2 Reagent dosing unit 4 
Including flow control dosing, check valve and instrumaentation. 

4.2.3 Urea injection system 4 
- including nozzles for atomizing the reducing agent 
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5. EXHAUST GAS WASTE HEAT RECOVERY UNIT   
In this specification waste heat recovery is fitted for two engines. At the moment our proposal is that two 

engines are dedicated to the two boilers and the other two engines can not be utilised for waste heat 
recovery.  

5.1 EXHAUST GAS BOILER 2 
Capacity  800-1000 kW 

Includes water inlet and outlet & steam headers 

5.1.1 Circulating pumps 4 
One stand by pump for each boiler 

5.1.2 Steam drum 1 
One common steam drum for the boilers 

5.1.3 Control panel for WHRU unit 1 
Controls the exhaust gas boiler and the auxiliary equipment for the boiler 
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6. PACKING AND TRANSPORTATION 

6.1 PACKING 
All equipment in Wärtsilä scope of supply are packed and/or protected seaworthy for transportation. 

Genset engines and alternators are covered with tarpaulins. 

6.2 TRANSPORTATION 
The equipment is supplied ex-works in Europe unless otherwise agreed in contract. 

Lifting tool for lifting genset engines during transportation. The lifting tool supplied with the engine shall 
be returned within 8 weeks after installation. If the lifting tool is not returned Wärtsilä will invoice the cost 
of the lifting tool.  

Transport foundation for transporting the engine. The transport foundation supplied with the engine shall 
be returned within 8 weeks after installation. If the transport foundation is not returned Wärtsilä will 
invoice the cost of the transport foundation.  
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7. TAG NUMBERING SYSTEM 
Tag plates for equipment will be supplied by Wärtsilä.  
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8. DOCUMENTATION 

8.1 INSTALLATION PLANNING INSTRUCTIONS 
Wärtsilä shall prepare and provide the Buyer with three (3) sets of Installation Planning Instruction (IPI), 
which includes drawings and instructions in English necessary for the Buyer's installation work of the 
equipment included in Wärtsilä scope of supply. 

It shall be mutually understood, that the delivery schedule for the IPI-files (or relevant parts of the IPI-
files) is dependent upon supply of all technical and associated data / information / drawings from the Buyer 
(or third party equipment supplier / shipyard) in order to enable preparation of the above-mentioned IPI-
files, and both schedules shall be defined separately in the Contract. 

8.2 TORSIONAL VIBRATION CALCULATION 
It shall also be mutually understood, that the Buyer shall prepare and provide Classification Society (CS) 
with all drawings subject to CS approval. Wärtsilä in their turn shall prepare and provide CS with 
Torsional Vibration Calculations (TVC) for the shaft system. 

8.3 HAND-OVER DOCUMENTATION 
Wärtsilä shall prepare and provide the Buyer with three (3) sets of Operation and Maintenance (O & M) 
Manuals and Spare Parts Catalogues in English covering the equipment included in Wärtsilä scope of 
supply. These documents are provided in A4 size binders. 

One record book of engine parameters (including EIAPP statement of compliance) per engine is delivered. 

The delivery schedule for these O & M manuals, Spare Parts catalogues and final project documentation 
(including certificates, etc.), shall be defined separately in the Contract. 
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9. OPTIONS 

9.1 INSTALLATION AND START-UP SUPPORT   
Wärtsilä shall provide installation and commissioning support according to separate mutual agreement. 
The commissioning support will be charged in accordance with Wärtsilä service charge price list (will be 
submitted upon request). 

It is mutually understood that Wärtsilä personnel shall only be employed for supervising, consulting and 
advising purposes, as well as checking the installation prior to start-up, in connection with the 
commissioning work. This can include a possible sea trial of the vessel. 

The Buyer shall notify Wärtsilä at least two (2) weeks before the mobilisation is required and a 
commissioning kick-off meeting shall be held prior to starting of the commissioning activities in order to 
mutually agree upon the commissioning plan for the Wärtsilä scope of supply.   

Technical documentation in form of drawings, specification etc. that may be necessary for the successful 
completion of the commissioning work shall be supplied by the Buyer.   

The required time shall be reserved for checking the installation before starting up the engines. During this 
installation check, no other major jobs shall be allowed in the engine room and no welding or spray 
painting may be done above or next to the engines, unless agreed in writing with Wärtsilä representative.   

It shall also be mutually understood, that Wärtsilä personnel is to take no responsibility for the engine 
room and other equipment in connection with sea trials. The chief engineer, or equivalent, responsible for 
the vessel shall be present at the expense and initiative of the Buyer.   

9.2 SPARE PARTS 

9.2.1 Spare parts for start-up and commissioning  
Spare parts required for start-up and commissioning of the machinery in Wärtsilä scope of supply.  A 
separate offer will be submitted on request. 

9.2.2 Consumable spare parts   
Consumable spare parts for two (2) years operation of the LNG FSRU power plant based on 7800 annual 
running hours per genset using gas as fuel. A separate offer will be submitted on request. 

9.2.3 Capital spare parts  
Capital spare parts include some of the most critical machinery components guaranteeing shortest possible 
lead time of these components in case of failure. A separate offer will be submitted on request. 

9.3 TOOLS FOR GENSETS AND AUXILIARY EQUIPMENT  
Special hand tools and hydraulic tightening tools required for maintenance of machinery in Wärtsilä scope 
of supply. A separate offer will be submitted on request. 

9.4 OPERATION & MAINTENANCE AGREEMENT 
Under a special contract Wärtsilä can offer spare parts, spare parts service exchange, supervisor or service 
crew for the FSRU. Wärtsilä can even take responsibility of operating the power plant with guaranteed 
availability. Scope of operation and maintenance agreement has to be mutually agreed and separate offer 
will be submitted on request. 
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